Introduction
The Federative Republic of Brazil is a country of continental dimensions, whose territory covers more than 8.5 million km 2 and borders all the countries of South America except for Chile and Ecuador. After more than three centuries as a colony of Portugal, it became an independent monarchy in 1822 and a federal republic in 1889. It was under a 20-year long military dictatorship on the second half of last century, and today, after six presidential elections, the country has emerged as a consolidated democracy and as a political and economic leader in the region. The Brazilian economy also acquired a strong position in the global economy in recent years (IBGE 2010; United Nations 2010) . It is defined as an upper middle-income country, but inequality remains significant, according to Human Development Report (UNDP 2009).
Brazil is distinguished by an admirable national unity, based mainly in the Portuguese language, which is spoken in all regions, and by a magnificent biodiversity and natural resources. The agriculture is large and welldeveloped, while mining, manufacturing, and service sectors are having a significant growth. Notwithstanding, the country still faces economical, political, and social problems, whose paramount example is the highly unequal income distribution (IBGE 2010; United Nations 2010) .
In the past decades, with health improvement of the population in general, due to more effective sanitation and better control of infectious and nutritional diseases, it can be stated that Brazil has been living an epidemiological transition. Taking such statement into consideration, birth defects and genetic diseases are increasingly assuming a more important role in morbidity and mortality, especially in large centers and reference hospitals (Horovitz et al. 2005) .
This paper presents the background data on basic demographic statistics, health indicators and health expenditure, and information on the genetic services and genetic testing available in the country.
Demography and health indicators
In 2004, the Brazilian population surpassed 180 million and today is estimated in 190 million (190, 755, 799 in the 2010 census, IBGE 2011). In the last decades, the country underwent consistent changes on demography. The birth rate is around 3 million per year, and the population growth rate declined by an average of 1.9 % annually during 1980-1990 decades, and in 2001, it was 1.4 %, reflecting the effect of birth control programs developed by the Brazilian government during the 1990s. Nevertheless, it has been estimated that the population size will have increased to 209.1 million by 2020, according to the Human Development Report (UNDP 2009) .
Eighty-four percent of the population are urbanized (Fig. 1a) , reaching over 92 % in some regions, such as the states of Rio de Janeiro and São Paulo, where there are some megalopolis as São Paulo, the main industrial and financial centre of the nation, surrounded by other large cities connected by modern highways; in contrast, there are regions with small hidden villages, some of them only reached by precarious trails, plane, or boat (IBGE 2011; United Nations 2010) .
Concerning racial aspects, the country is a melting pot of different ethnical groups, although the majority is composed by bi and tri-hybrids mainly from the mixture of Caucasians and African descendants, in addition to Amerindians.
Taking into account the ethnical characteristics obtained during the 2000 census, using the options White, Black, "Pardo" (mixed color or race; mulatto or mestizo), Asiatic, and Native Brazilian Indian, the percentage of people that considered themselves as white are 54 %, while 39.9 % are Pardos, 5.4 % black, 0.5 % Asiatic, and 0.2 % Native Indians. The distribution is irregular, since in South region the white population reaches 84 %, while it is 62 % in the Southeast. Inversely, there are most pardos or mixed color people in the population of North (63.5 %) and Northeast (59.8 %) regions (IBGE 2010; Marques-de-Faria et al. 2004) .
It is a country predominantly young, with around 40 % of the population under 19 years old, although the proportion of people over 35 years old has been increasing, reaching 34.5 % Brazil (2010) , with aggregated information from the census by Horovitz (2003) , outpatient information system and Brazilian Society of Medical Genetics, plus updated information on new clinical genetic services (presentation of abstracts at meetings of the Brazilian Society of Medical Genetics and personal communications between the years 2003 and 2009). There is no reference to any type of care in the specialty in the states of Amazonas, Amapá, Roraima, Rondônia, and Tocantins. It is important to note that the service distribution in the country follows the population logic and that the less populated areas correspond to the Amazon forest or to swampy area in 2000 with a narrowing down in the base of the age group pyramid. The average life expectancy of Brazilians was estimated, in 2008, to be 73 years (WHO 2010; IBGE 2010) . Another indicator, the healthy life expectancy has increased in the last decade, and in 2007, it was 66 years for women and 62 years for men-an average of 64 years (WHO 2010) . The "adult mortality rate," defined as the probability of dying between the ages of 15 and 60 years was 158 per 1,000 in 2008, with women having a lower mortality rate (106) than men (210) (WHO 2010) . The maternal mortality rate was estimated as 53 per 100,000 live births in 2008 (Brazil 2011a) . Besides gradual aging of the population, other demographic modifications are the marked decline of fertility, the changes in the causes of death and the reduction of mortality level, as well as the improving literacy (IBGE 2010) .
The annual population growth rate for 2005-2010 was given as 1 % per annum by the Human Development Report (WHO 2010) . That same report estimated the percentage of the Brazilian population made up of immigrants at 0,4 % in (WHO 2010 . Most (89 %) of the births, between 2000 and 2007, were registered (WHO 2010) , and the total fertility rate was 1.9 children per women in the period [2005] [2006] [2007] [2008] [2009] [2010] . This rate has been progressively decreasing for the past decades (WHO 2010) . Approximately 9.93 % of live births in 2007 were to women aged 35 and older (Brazil 2011a) .
Between 2000 and 2008, 98 % of pregnant women had at least one antenatal care visit, with 89 % having at least four visits (WHO 2010; Brazil 2011a) . Approximately 97 % of births between 2000 and 2008 were attended by skilled health personnel (WHO 2010) . The neonatal mortality rate was listed as 11 per 1,000 live births in 2008 (WHO 2010; Brazil 2011a) , while the infant mortality rate was estimated to be 18-23 per 1,000 in 2007 (lower estimate data generated by WHO 2010; higher estimate data were generated by IBGE 2010). Male had a higher death rate of 20 per 1,000, while this rate was 16 per 1,000 for female. This is much lower than the 1990 mortality rate of 46-48 per 1,000 (51 per 1,000 for male and 40 per 1,000 for female); infant mortality rates have been progressively decreasing, especially after 1980, when they were estimated as 72-82 per 1,000 live births (IBGE 1999) . The probability of dying by age 5 years (under-5 mortality rate) was 22 per 1,000 live births in 2008 (WHO 2010) . This rate was again higher for male (24 per 1,000) than for female (19 per 1,000) (WHO 2010).
Health expenditure and financing
Brazil's gross national income per capita was US$8,070 or International $10,260 in 2008 (WHO 2010 . This per capita income defines Brazil as an upper middle-income country. According to Human Development Report (UNDP 2009), Brazilian Gini-index is 55, meaning a high level of inequality. Share of income or expenditure of the 10 % poorer is 1.1 %, while the 10 % richest represent 43 %.
A less unequal distribution is coming into existence in urban areas of Brazil. Data on income distribution among main metropolitan regions show that between 2002 and 2008, the 10 % poorest had an income increase of 22 %, while the 10 % richest lagged behind, with an income increase of 4.9 %. The wage increase for the poorest has been 4.5 times more than that of the richest (primary data source from IBGE, Brazilian Institute of Statistics, elaborated by IPEA-Ministry of Planning).
Brazil's per capita government expenditure on health in 2000 was given as US$107 and as US$ 367 in 2009 (UNDP 2009). As a comparison, the total per capita expenditure on health in Brazil (government+private) was US$267 in 2000 and US$606 in 2007. Such figures reflect the (non)investment of the country in health. Brazil ranks 67 when comparing to other countries' investments in health, being the USA the highest per capita investment in health (and 10 times higher than Brazil); investment of the UK, ranking 19, is still more than four times higher. Brazil ranks tied to Cuba, and behind countries like Botswana, Montenegro, and the Russian Federation.
The per capita public expenditure on health in 2000 accounted for approximately 4.1 % of the total government expenditure in that year; such percentage increased to 5.4 % in 2007 5.4 % in (WHO 2010 . As a percentage of the gross domestic product, total health expenditure (public and private) accounted for 7.2 % in 2000 and for 8.4 % in 2007 8.4 % in (WHO 2010 . Private expenditure on health accounted for 58.4 % of all health expenditure, while general government expenditure on health represented 41.6 % of the total health expenditure in Brazil. Private prepaid health insurance plans comprised approximately 39.4 % of private expenditure on health in Brazil (WHO 2010) . Out-of-pocket expenses made up 58.8 % of private expenditure on health (WHO 2010) .
Data collected by WHO for 2000/2007 reveal an increase of total expenditure in health, in terms of percentage of GDP, as a percentage of General Government Expenditure in Health, and as percentage of Government Expenditure. As to private expenditure in health, which shows a slight increase in the aggregate figures, the weight of "out of pocket" expenditure should be pointed out, implying that neither private prepaid plans nor public health services cover population basic needs in term of health care. Data for "out of pocket" expenditure could be further divided into expenditure in medicines and other "out of pocket." Brazilian unofficial data for private expenditure on medicines point out that these expenditures represent 30 % of private expenditure on health. A further increase in private prepaid plans as a percentage of private expenditure should be expected in the next years, as a result of increase in formal employment, which usually includes prepaid plans as part of indirect wages.
Additional remarks are necessary to clarify the data presented above. First of all, as Brazil is a federative state, the public health expenditure is distributed on three spheres of government (municipal, state, and federal) with constitutional local autonomy as to taxing and spending responsibilities. In 2006, federal expenditure in health corresponded to 46.7 % of public total expenditure, while state and local government (municipalities) represented 26.2 %, and 27.18 % of public expenditure in health. During 2000/ 2006, most increase in public health expenditure was due to increase in decentralized government expenditure, so that state and local government should be considered when analyzing trends in public health expenditure in Brazil.
In short, private and public funding are both essential to characterize Brazilian health expenditure. Although public health care is universal in Brazil, access varies among regions, towns and types of services. The public health system is funded on taxation and general social contributions and has been effective for the improvement and promotion of health, and as a guarantee to access to expensive medicines, but has not yet totally succeeded in the delivery of health services.
The health system in Brazil
The majority of the population is served by the public Unified Health System ("Sistema Único de Saúde" or SUS). It was created in conformity with the provisions of the 1988 Federal Constitution (Senado Federal 1988 , to ensure universal and equal access for promoting, protecting, and recovering the health of all citizens fairly (Brazil 1990b) . The system has a municipal basis, whose management is under state administrations, with the support of the Federal Ministry of Health. One fundamental step has been the development of a national health information database within the Ministry of Health, also known as DATASUS (Brazil 2011a ). The SUS is one of the largest public health systems in the world. It includes most aspects of health care, from outpatient care to organ transplantation, and proposes to ensure full, universal and free of charge medical access for the entire Brazilian population. Besides offering appointments, medical exams, and hospitalizations, the SUS also promotes immunization campaigns, prevention, and health monitoring, such as food control and medicament registration.
According to the Federal Council of Medicine, 60 % of 347,000 active physicians in Brazil are working on SUS, whose service extends to about 145 million people (CFM 2011a) . The physician density in the country (general practitioners and specialists) is estimated around 18 physicians per 10,000 population. Such distribution, however, varies strikingly among different regions, being 27.9/10,000 in the southeast and only 11.4/10,000 in the north (IBGE 2009 ). Nursing and midwifery personnel totaled 1,243,804 in 2007, with a general density of 65.7 per 10,000.
In addition to the SUS, there is a thriving private health sector that serves 24 % of the Brazilian population (46.6 million inhabitants), who have some sort of private health insurance coverage (private health care plans) (CFM 2011b) . The quality of these services is variable, despite efforts by the Ministry of Health to regulate and improve them. In 2000, the National Agency of Supplementary Health [Agência Nacional de Saúde Suplementar (ANS)], a regulatory agency linked to the Ministry of Health, was created. The ANS has as main aim to promote the public interest in the supplementary health assistance, and it regulates the relationship among providers, government, and clients, by determining the minimum and mandatory coverage requirements for plans under contract, and also helps the development of health actions in the country (Brazil 2011b ).
Congenital and genetic disease burden
A registry of genetic diseases is not available in Brazil. There are, however, some instruments that could provide excellent data if their importance was recognized by health authorities and if correctly used. The liveborn declaration (LD)-official document issued by hospitals, without which the children's parents cannot perform their civil registrationhad a new field introduced in 2000 (field number 34-Brazil 1999), partially modified in 2011 (fields 6 and 41-CEInfo 2011). Such LD allows congenital anomalies present at birth to be registered systematically. This information is not available in most countries; the data obtained may be an extremely valuable tool for monitoring and preventing birth defects in Brazil. Although the completion the fields regarding birth defects is not mandatory, the way they were elaborated, with a yes/no question for the presence of congenital malformation plus an open field provided for the description and classification of the all the observed defects according to ICD-10 could provide, if properly filled in, a fairly complete record of abnormalities.
By analyzing data available through the DATASUS related to births in Brazil in 2006, only 0.65 % of liveborns were registered as having a congenital anomaly (Brazil 2009b) , suggesting that such anomalies are being underreported. In 2008, last year available in the database, the figures remained very similar. When comparing data from the deaths caused by a congenital malformation with data from the liveborn registry, Cunha et al. (2002) demonstrated an underreporting of 60.7 % of birth defects on birth certificates. Guerra, who also suggested an underreporting, showed unsatisfactory reliability in the coding of the recorded anomalies (Guerra et al. 2008a,b) . This item's addition in the LD will only be relevant for programs regarding birth defects if it is effectively implemented; in addition, its importance has to be recognized, not only as epidemiological data, but rather as information that could help the planning of health care and actions to prevent birth defects.
The total birth prevalence of serious genetic congenital disorders in Brazil was estimated by the March of Dimes to be 57.2 per 1,000 live births (Christianson et al. 2006) . When classifying by mode of inheritance, estimates of defects per 1,000 are the following: 7 for dominant single gene, 1.3 for X-linked, and 3.9 for recessive; and 3.6 for chromosomal and 36.9 for congenital malformations in general (Christianson et al. 2006 ).
There are no nationwide studies that estimate prevalence of specific single gene disorders. However, some data are available from the newborn screening program. The prevalence of sickle cell trait (Hb AS) is 4 % (2-8 %) among the general population and 6-10 % among afro-descendants. Estimated prevalence would be around 7,200,000 HbAS individuals, 25,000-30,000 with sickle cell disease and 3,500 new cases diagnosed each year (PNTN 2007) . Cystic Fibrosis is only officially screened for only in three brazilian states; if the incidence considers exclusively births in such areas, it can be estimated as 1/10,000. It is important to point out that the demographic composition in these states includes descendants from European immigration (Italy and Germany) and does not reflect Brazil as a whole. Regarding phenylketonuria, estimated incidence by the screening program is 1/23,000 births, although incidence also varies among regions (PNTN 2007) .
Some geographic clusters, listed in The birth prevalence of neural tube defects as estimated by the March of Dimes is 6,390 new cases per year (Christianson et al. 2006 ). There are no official statistics available, and data from liveborn declarations would be a subregistry, as many children with this group of malformations are stillborn. Regarding later onset diseases, breast cancer is responsible for 28 % among all cancers in women, and its estimated incidence is 51.7/100,000 . Specific statistics for hereditary breast cancer are not available, although this particular type of cancer is mentioned in the official cancer report by the ministry of Health, and estimated as 2,400-4,800 new cases per year. The same source and also a recently created network for familial cancer estimate hereditary non-polypoid cancer in 1250-2500 new cases/year (Brazil , 2009d .
Exposure to teratogens during pregnancy is an important public health issue in Brazil, where most drugs can be purchased "over the counter" and there is a widely spread culture of auto-medication. Misoprostol is known to induce vascular rupture defects and Möebius syndrome and is still widely used to induce illegal abortion, although not available in regular drugstores. The approved use of thalidomide, on a very limited basis and controlled by a federal law (Diario Oficial da União 2003), has also resulted in some fetal malformations.
1 Recently, a resolution of the Ministry of Health-Agency of Sanitary Surveillance was published in order to improve the control in the use of thalidomide. It requires the reporting of adverse reactions and the inclusion of a photograph of a child with birth defects caused by thalidomide in the package, as well as establishes criteria for its return and disposal, and specifies the criminal liability for the improper use of thalidomide (Diário Oficial da União 2011). Fetal alcohol syndrome is possibly more frequent than imagined, and many pregnant women do not refrain from drinking. Awareness campaigns are very crucial to change this scenario. Consistent research has been conducted for the past years by the first and most important teratogen information service in the country, Sistema Nacional de Informação sobre Agentes Teratogênicos (SIATdescribed in item 6.2; Schüller-Faccini et al. 2001; Dal Pizzol et al. 2008; SIAT 2011) .
By processing information from the Health Ministry's database on mortality, when removing and proportionately redistributing all the non-defined causes, perinatal causes were the leading cause of infant mortality in 1980, corresponding to 38 % of deaths under 1 year; at the same year, congenital anomalies occupied the fifth position, representing 5 % of the total. Such profile has been changing, and a proportional reduction in infectious, nutritional, and respiratory diseases can be noted. That way, congenital malformations became the second cause of deaths in children under age 1 year, representing 13 % of the total in 2000. In 2006, congenital anomalies not only kept the second position but also became accountable for 16.3 % of the deaths, exceeding the sum of the 3rd and 4th causes (infectious and respiratory, respectively; Fig. 2 , Brazil 2010) . Despite their magnitude, these statistics on birth defects and infant mortality did not determine government policies or initiatives for the prevention and management of such group of problems until 2004. On that year, the process for introducing medical genetics as a health policy of the Ministry of Health began. Such topic will be detailed later in this text (item 6.6).
In certain tertiary care hospitals in Brazil, when looking on the three main diagnoses coded upon admission, birth defects/genetic disorders account for more than one third of total pediatric admissions (Horovitz 2003; Horovitz et al. 2005) . Regarding congenital malformations in the Brazilian Ministry of Health's database, the 2008 hospital mortality rate in the pediatric age range (1-19 years) was 4.7 times greater when the primary diagnosis for admission was included in chapter XVII of ICD-10. An increment of the permanency and hospitalization cost for this group of diseases can also be noticed (Brazil 2009c ).
Availability of genetic services
In Brazil, medical practice in genetics has had a recent onset when compared to other medical specialties. The Brazilian Society of Genetics [Sociedade Brasileira de Genética (SBG)] Fig. 2 Graphical representation of the evolution of proportional infant mortality due to the five major causes of death between 1980 and 2006 in Brazil. Original data were obtained from the Mortality Information System, accessed through DATASUS (http://www.datasus.gov.br) (Brazil 2010) was founded in 1955, and it brought together all people interested in issues related to genetics (Sociedade Brasileira de Genética 2009a). In the early 1980s, a group of physicians within the SBG began to discuss the need for a clinical society. That would be essential to turn clinical genetics into a medical specialty, since there already existed a fully recognized residency program at the time, which led to the creation of the Brazilian Society of Clinical Genetics (Sociedade Brasileira de Genética Clínica) in 1986 (Brunoni 1997) . Later, it was renamed the Brazilian Society of Medical Genetics [Sociedade Brasileira de Genética Médica (SBGM)], which endows the board certification in Medical Genetics through an agreement with the Brazilian Medical Association and the Federal Council of Medicine, also regulating this medical specialty in the country.
Most centers and care services related to the clinical genetics field are concentrated in the Southeast and South, the most developed regions of the country. Such services are usually integrated to university and reference hospitals and are responsible for the medical care of thousands of individuals and families annually. Furthermore, they are considered as references at regional or national level. Some genetic services are also located in hospitals that specialize in specific conditions such as diseases and disorders of the locomotive system and craniofacial anomalies. Several of these institutions have laboratory infrastructure and are also capable of offering tests such as cytogenetic exams and several molecular biology techniques. However, the access to these services is limited. Although some of them are partly financed by the SUS, medical genetic services lack the organization as a network and are not fully and officially integrated to the national health system (Marques- de-Faria et al. 2004) .
Despite the lack of a comprehensive health policy specifically focused on birth defects and that aimed to include genetics in the SUS, some government programs have emerged over the years. Many of these have originated from the pressure of groups of patients/families who fought for diagnosis or treatment, thus emphasizing the absence of the government in their formulation, although showing a timid presentation of the birth defects issue in the public policy agenda.
Newborn screening
Laws and regulations regarding screening of newborns for genetic/congenital disorders were introduced in several parts of the country since 1990 (Brazil 1990a; Brazil 1992) , but the provision of screening varied by region and did not include facilities for diagnostic confirmation, clinical evaluation, treatment, family education, or genetic counseling. In response to these limitations, the National Newborn Screening Program [Programa Nacional de Triagem Neonatal (PNTN)] was established by the Ministry of Health (Brazil 2001b) . Its specific aims are to ensure equitable access to genetic screening for all Brazilian newborns, organize State screening networks, ensure therapy and followup for each disorder detected, reduce morbidity and mortality, provide guidelines to standardize regional services, and create and support a National Newborn Screening Database to collect epidemiological data. The following diseases are screened by the program: phenylketonuria (PKU), congenital hypothyroidism (CH), sickle cell disease and other hemoglobinopathies (SC), and cystic fibrosis (CF) 2 (Brazil 2001b; Brazil 2001c; Marques-de-Faria 2006) . Such recommendation followed a rationale of progressive implementation phases (phase I, PKU and CH; phase II, PKU, CH and SC; phase III, PKU, CH, SC, and CF), taking into account existing inequalities in health care structure. The reference services for newborn screening should ensure not only the screening process but also diagnostic confirmation and appropriate monitoring and treatment of screened patients. By 2007, there were referenced services registered by PNTN in all states of Brazil, which provided the coverage of 80 % of newborns (PNTN 2007) . The programs' experiences show important data, such as the possibility of good quality coverage, agility in the process, and also the integration capability between the primary health care and reference centers. The PNTN is run by municipal and state health offices; the global supervision is entrusted to the technical advisory group, established and coordinated by the Health Care Department of the Ministy of Health 3 (Brazil 2001c; Marques-de-Faria 2006) .
Treatment programs
Treatments for some genetic diseases are being undertaken by the Ministry of Health and regulated by ministerial decrees. The process is complex, especially due to issues like the very high cost of some treatments, often involving legal actions or strong lobbying by families, based in the Federal Constitution, whereby everyone has the right to health and to health care, which should be provided by the State (Senado Federal 1988) . Some of such treatments are described below.
Osteogenesis imperfecta In December 2001, an ordinance was published instituting the treatment of osteogenesis imperfecta (OI) within the Brazilian Health System with bisphosphonates, which helps to decrease the bone reabsorption, to gain bone mass, to reduce the number of fractures and to improve the patient's quality of life (Brazil 2001e) . It is presently estimated that there are more than 700 OI patients under follow-up through this specific program in Brazil (Santos, personal communication, 2009 ).
Gaucher disease It was the first metabolic disease to be treated by enzyme replacement therapy, introduced in clinical practice in the 1990s. The Brazilian Association of Gaucher Disease, founded in 1994, had the first judicial injunction abided to purchase the medicine from 1995. Nowadays, the medication is directly financed by the Ministry of Health. In 2002, an official protocol was established, which set up state reference centers for evaluation, treatment, and monitoring of patients (Brazil 2002a) . Currently, the recombinant enzyme used to treat Gaucher disease is the most expensive drug in the country's extraordinary dispensation medicaments program. Moreover, the creation of the treatment program allowed an optimal access to therapy for more patients, not only due to the decrease in the individual medication's cost (direct negotiation between the Ministry of Health and the pharmaceutical industry) but also due to more organized treatment dynamics, as opposed to treatment on an individual basis.
Cystic fibrosis The estimated incidence is around 1:10,000, but varies greatly among regions (its highest prevalence is in the south due to European immigration). It is advocated that an early diagnosis and the institution of preventive measures would improve the quality of life and patients' survival. Besides the inclusion of this disease in the national newborn screening program, an ordinance was published in 2001, which established a clinical protocol and guidelines for treatment, which also includes the supply of pancreatic enzymes for the disease (Brazil 2001d) .
Some aspects regarding the adoption of therapeutic programs for genetic diseases by the SUS should be highlighted. Treatments for other metabolic diseases are presently available (such as lysosomal diseases-Fabry, Mucopolysaccharidosis types I, II, and VI and Pompe disease, for which there are already enzyme replacement therapies; aminoacidopathies benefited by special dietary treatment, among others) or are in final development stages. Treatment requests made by families and patient associations, based on the Federal Constitution, are almost always abided by courts. It is essential that new programs follow well-established protocols such as those currently available. Along with the treatment programs, strategies for the prevention of new cases should be outlined, and the role of medical genetics and genetic counseling is essential in this process. Genetic counseling is one of the few possibilities of stabilizing the treatments' rising costs (WHO 2000) .
The genetics network available in Brazil
The most recent census work related to the mapping of medical genetics services in Brazil was completed in 2003 (Horovitz 2003) . This work aimed to locate public medical genetic services available to the Brazilian population, including those related to laboratories, integrated or not to clinical centers and to medical schools. At the time, clinical care in the specialty was offered in 48 institutions, and 33 out of those were somehow integrated to a genetic laboratory. More recent data 4 show that new genetic services are being implemented in states previously devoid of such kind of assistance. Nevertheless, the following Brazilian states still lack specialized care in genetics: Amazonas, Amapa, Roraima, Rondônia, and Tocantins (Fig. 1b) .
The greater lack of services is in the North Region. Regarding the Northeast region, services are mainly clinical, without local laboratory support in some of the states; on the other hand, the number of yearly medical consultations is quite impressive in some of those services. The majority of medical genetics services in Brazil are located in the Southeast region or in state capitals in general, being the state of São Paulo a noticeable exception, with services being provided throughout the state. According to data provided by services (Horovitz 2003) , approximately 56,000 outpatient consultations in clinical genetics are estimated annually in the country (including counseling of couples and prenatal genetic counseling). From this amount, fewer than 16,000 cases represent first-visit patients, and it is noteworthy that out of the total demand, more than half of them were performed in only nine services.
If considered that all newborns with birth defects need a genetic evaluation, with a minimally estimated incidence of malformations (2 % of total births), at least 60,000 first-visit consultations per year would be necessary in the country. 5 The estimate has even higher deficit if the broadest definition of birth defects is considered, including problems not necessarily detected at birth and also developmental disorders (in that case, 5 % of total births would represent 150,000 new cases per year in Brazil). It is also worth remembering that many medical consultations regarding birth defects are related to problems during pregnancy. Genetic counseling is also recommended to parents of stillborn malformed babies, and such statistics were not even included in the estimates above. By analyzing these data, the number of appointments offered is far below the actual need.
Medical genetics laboratories and laboratory network
The availability of diagnostic exams for genetic diseases follows similar distribution logic as the medical genetic services in Brazil, being uneven, with higher concentration in the South-Center region and with a variable complexity range (Marques-de-Faria et al. 2004; Horovitz 2003) . Presently, there is no logical referenced flow for diagnostic tests, although clinical services around the country send and receive samples based on informal agreements between them.
A closer look at the latest research on genetic services in Brazil (Horovitz 2003) , updated with information not yet published, 6 shows that diagnostic genetic tests were available in 47 out of 66 genetic services linked to the SUS (71 %). Among these, 83 % offered conventional cytogenetics, 55 % high resolution cytogenetics, 32 % fluorescent in situ hybridization, 36 % tests for inborn errors of metabolism, and 32 % prenatal diagnosis. Around 50 % also performed investigation using molecular biology techniques for several groups of diseases, including mental retardation, dysmorphic syndromes, cancer predisposition, infertility and metabolic diseases, among others. Until today, there is no structured or published data on the number of genetic tests available in Brazil. Obviously, it is understood that this set of laboratories is insufficient to meet the needs of new annual cases, and also of the raising demand of cases that still lack diagnosis in the country. Only for new Down syndrome patients, over 4,000 cytogenetic tests would be needed annually; if considering that about 50 % of children with birth defects would also need this exam, we would have an annual need of 45,000 cytogenetic tests (assuming a rate of 3 % birth defects). Such figures do not consider infertility and other genetic disorders. Testing in genetics can be quite complex and expensive, which partly explains the need to organize a laboratory network to support diagnosis. This network is informally organized in Brazil by health professionals. Unpublished data show that the most popular e-mail topic in a medical genetics web-based discussion list (about 21 %) is information requests about exams for genetic disorders (Genetica Clinica 2009) Medical genetics and private health care in Brazil Genetic services in private medical offices and clinics are available in some of the main cities in Brazil, although following the same rationale of the general distribution of the public genetic services. The main differential between private care and consultations in public hospitals is the speed of the investigation and access to complementary exams, both for general and specific genetic investigation. Due to media coverage and publicity regarding genetics, there is more pressure on the private sector for laboratory diagnosis of genetic diseases. Several laboratory procedures (cytogenetics, biochemical and molecular techniques including in situ hybridization and prenatal diagnostic tests) have mandatory coverage by insurance; some tests have to be made available according to specific guidelines. A large number of clinical laboratories now offer testing by molecular biology techniques, not only for genetic diseases but also for infections; in addition, there are several laboratories exclusively specialized in the diagnosis of genetic diseases. The distribution of these laboratories also follows the concentration pattern in the Center-South region, although genetic testing is offered throughout the country by local laboratories, which often function as blood drawing centers; samples will be sent out to reference laboratories within the Center-South. Testing such as preimplantation genetic diagnosis, prenatal diagnosis, expanded newborn screening, genetic screening based upon an index patient, predictive testing, and pharmacogenetics are available in the private sector, although not always covered by insurance. Availability of more specialized testing within the public health system is possible, but much more limited. No population based genetic screening is routinely performed or recommended in the country.
Only an insignificant minority of patients from the upper class usually pays for medical care out of pocket or travel abroad for care; when they do, it is usually for a second opinion or very specific treatment. Regarding patient samples, it is not very usual to send them abroad; some are, however, as part of collaborative very specific researches. Some samples for newly available or rare disease investigation are sent abroad on an individual basis by commercial laboratories, such as array-CGH, molecular diagnoses for very rare diseases and cells for pre-implantation diagnosis. The country does not regularly purchase testing from abroad; on the contrary, Brazil provides genetic testing for some countries in South America, Africa, and the Middle East, usually done as research projects or as clinical testing demanded by individuals.
Pregnancy termination
In Brazil, abortion is only considered legal in cases of pregnancy resulting from rape or if the continuation of the pregnancy is considered life threatening for the mother (Criminal Code of 1940) . 40 services in 21 states perform such legal abortions; these are performed quite rarely, with a total of 2,508 in the year 1998 and 3,241 in the year 2008 (Brazil 2008) .
Despite being mostly illegal, abortion for unwanted pregnancy is widely performed for those who can afford it. A recent study, concluded in 2008, estimated 1,054,242 induced abortions in 2005; the induced abortion tax would be 2.07 per 100 women between ages 15-49 (Brazil 2008; Diniz and Medeiros 2010) .
Such figures would include termination for fetal malformation, despite these being an insignificant minority. For the past two decades, however, some women have been able to terminate pregnancies in cases of fetal malformation with special lawsuits.
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Special care facilities, rehabilitation services, education, and social services for people with disabilities Special care facilities available for affected children, such as medical care, social services, rehabilitation, and education are quite limited. They are usually overcrowded, the working staff is underpaid, and most are public or philanthropic. It deserves mention that a comprehensive care through SUS should be assured for children and adolescents with disabilities, with warranty of universal and equal access to actions and services for promotion, protection, and restoration of health. There are private services, but these are too expensive and very few can afford. Non-medical care such as physical therapy, speech therapy, occupational therapy, and others are not covered by most private medical insurance companies.
Regarding continuing medical care, primary care physicians and general practitioners usually do not want (or claim not to know how) to care for patients with disabilities. Genetic services are overcrowded, and when patients with genetic diseases keep being followed up clinically on a regular basis, access to genetic services by others in need becomes even more difficult. About these issues, it deserves mention that a comprehensive care through the SUS should be assured for children and adolescents with disabilities, with warranty of universal and equal access to actions and services for promotion, protection, and restoration of health, by the Child and Adolescent Statute (Statute of the Child and Adolescents 1990).
Regarding education for children with disabilities, it is surprisingly more available and accessible within the public sector, as opposed to private education. In Brazil, as a general rule, the best schools (basic education up to high school) are private, with few exceptions; such schools claim not to be "prepared" for education of children with disabilities.
There are many social benefits from the government especially provided for people with disabilities, such as free transportation, an extra salary, and others. The extra salary, called the Benefit of Continuous Social Welfare, is a social assistance paid by the federal government and guaranteed by law (Brazil 2011c) , for the elderly and disabled. Nevertheless, for receiving the extra income, regarded by some families as the "retirement" salary for the disabled, the family must be extremely poor, as it is only made available if the per capita income in the family lies below 25 % of the minimum wage in the country. In the event of multiple disabled per family, the same rule applies, meaning that a family would only be entitled to a second benefit if there was practically no income and at least five or six people in the same household.
Access to genetic services
Only around 25-30 % of the estimated need in genetics is being cared by specialists in the field (see item 4.3). The barriers are various, and excessive waiting time due to insufficient services/professionals in the area is just one of them. Diagnosis is often delayed, and many needy patients are not even referred, due to complete lack of knowledge regarding the specialty of clinical genetics by many physicians and health workers. Surprisingly, non-referral also occurs within the private sector. Geographical barriers also exist, as most specialists are concentrated in the South-Southeast regions.
After the patient/family has had access, it is also quite usual not being able to offer certain exams that would be important for confirming the diagnosis and establishing follow-up recommendations, such as FISH or methylation studies in Prader-Willi and Angelman syndromes, or a molecular diagnosis for Fragile-X syndrome. In the private sector, these exams have been accessible by the new rules of health insurance since 2008. Some tests for rarer disorders that are not available in the country may be made accessible on a one-on-one basis, but generally only for those who can afford out of pocket payment.
Prenatal and preimplantation diagnoses are more available in the private sector, due not only to cost but also to legal constraints (see item 4.6). The society is quite hypocritical on that matter, for many who can afford usually opt for prenatal diagnosis and illegal termination. The registered number of malformed newborns in private higher class hospitals is practically non-existent, certainly due to more information plus the access to illegal and safe abortion. Prenatal invasive diagnosis is only available in less than a dozen public genetic services around the country.
As historically the genetic services started growing in research settings and universities, the specialty was viewed as non-clinical, despite the progressive translation of research to the clinic. Many clinical genetics departments in Brazil are still within basic research departments, such as morphology of basic genetics. With the creation of the SUS, clinical genetics has not received the status of a medical specialty, and reimbursements both for clinical and laboratory exams have become scarce. Lack of funding and non recognition in the SUS also results in very few working spots opened yearly for new specialists. Some years ago the Ministry of Health began to realize that medical genetics should be integrated in the system just as other medical specialties; details of such process will be described in item 6.6.
State of genetic services

Training of human resources in medical genetics
Perhaps one of the most critical points for the success of a national policy based on comprehensive care in Medical Genetics is human resources. The evaluation and care of families with needs in this area requires training on topics poorly covered during higher education in medicine and in the health care field, such as non-directive genetic counseling, dysmorphology, and syndromology, and also basic knowledge of genetic testing. Moreover, the training of specialists in medical genetics still has a low numerical impact. Adding to this the fact that specialists tend to settle within the major services in the Centre-South region of the country, it turns out that most Brazilian states have very few or no trained professionals in clinical genetics. Thus, professional training demanded by the health needs in this field could be divided into: genetics training within the undergraduate health courses and specialist postgraduate training.
Genetics training in medicine
In Brazil, Genetics is part of the curricula in several healthrelated graduate schools, either as a structured discipline or among one of the major themes such as cell biology. It is classically taught within the basic disciplines of the courses with little, if any, integration with practice. Few medical school curricula include practical training in genetics. A survey conducted by Porciuncula in 2004 shows great heterogeneity of content in medical schools. There is a strong presence of genetics within the so-called basic cycle, and also a growing approximation with the professional practice, especially with the inclusion of specific disciplines of medical genetics in the clinical cycle (Porciuncula 2004) . When analyzing his data on the surveyed medical schools in comparison to national and international literature, the author proposes that an array of abilities, skills, and attitudes towards medical genetics be built, adapted to Brazilian needs. The education in medical genetics in Brazil still suffers from the absence of such a document, for the strengthening of the contents of medical genetics in health care teaching, strongly epidemiologically anchored, is a fundamental part of the effort to better deal with these problems in Brazil today. Considering this background, the genetics content in almost all medical schools does not cover even the needs of a general medical education. Therefore, most physicians do not recognize the genetic basis of diseases with which they are dealing and/or do not know how to refer to genetic services and/or do not give the deserved importance to the process of genetic counseling.
Postgraduate training: the stricto sensu postgraduate programs
The stricto sensu postgraduate programs in Genetics in Brazil have been collaborating with the training of professionals for teaching and research in Medical Genetics. Although the primary purpose is to train professionals for universities and research centers, a reasonable proportion eventually ends up being trained in specific areas of medical genetics, particularly regarding laboratory investigation in cytogenetics, biochemistry, and molecular biology.
The traditional academic training in genetics in Brazil leads to a diverse panel of scientific research in Medical Genetics. A very brief analysis performed by Brunoni (2002) , when assessing major themes of papers presented at the Brazilian national meetings of genetics and medical genetics, also points to a large concentration in a few research centers, mainly within the Center-South of the country. The nonmedical professionals whose undergraduate or postgraduate training enables them to perform within medical genetics, or even those who enter the area by the practice, may obtain qualification through their associations, although few opt to do so. The Brazilian Society of Genetics (SBG) has been conducting certifications in Human Cytogenetics and in Hu- 
Genetic counseling
Despite the involvement of many professionals in care regarding genetics, clinical evaluation and genetic counseling are delivered predominantly by physicians, with few exceptions (nurses counseling patients with inherited cancer in some reference centers; genetic information regarding sickle cell trait after newborn screening given in primary care settings, for instance). The profession of genetic counselor is not recognized in Brazil.
Training of human resources-conclusion
Professional training for health professionals in medical genetics is present in Brazil, although highly concentrated in central-south regions of the country. This would partly allow the training of non-geneticist human resources for the SUS network, in a continuing education strategy, enabling them to identify, appropriately manage the most common problems and to recognize the need to refer to specialized services. A direct action on the undergraduate courses in the health-related areas, however, is long overdue. The medical schools, as well as other health-related courses, have been heterogeneously adapting to these new requirements, demanded by the changing epidemiological profile of Brazil. As for skilled professionals, they are few; most remain working in the medical genetic services highly concentrated in the central-south area of the country.
Workload, integration, and networking
The estimated workload of genetic consultations per health care professional/per year is very hard to estimate, as a special code for consultations in genetics is no longer available in the DATASUS. But if we combine data from Horovitz (2003) , in which the number of physicians per service was not computed, and the number of certified specialists in the country, considering that there would still be around 60,000 outpatient consultations per year, the estimated workload would be 300 outpatient consultations per specialist. It must be reminded that many services have inpatient consultations in nurseries and intensive care units and that some are also dealing with treatment of genetic diseases. Some of the largest services have around 1,500 consultations per doctor per year. In addition, due to the fact that medical genetics is not recognized as a medical specialty in SUS, many physicians work in other areas of medicine as well, such as pediatrics, endocrinology, neurology, and others, being a "part-time geneticist".
Issues regarding the number, location, and regional distribution of medical genetic departments/medical genetic units in the country, including service networking activities, and coordination with other health services have been addressed in Part 4.3. It must be pointed out that networking is a very important characteristic of medical genetics in Brazil, which may somehow compensate the lack of laboratory services in some regions. Samples are sent to reference centers from all over Brazil, not only linked to specific research projects but also in order to help those devoid of resources. This topic has been a differential over the years and may be very important in helping to build an integrated network in clinical genetics for the country.
There are several genetic-disease-related networks operating in Brazil, and they all share common features: usually the coordination is based in a tertiary hospital or research facility; specialists who deal with the specific diagnoses throughout the country are encouraged to participate, are financed by research-financing agencies and they help with diagnosis at large-providing clinical expertise and also diagnostic tests. Such networks, which informally become the main epidemiological references for the country, are described below.
ECLAMC-registry of malformations in newborns and birth research in birth defects
The Estudio Colaborativo Latino Americano de Malformaciones Congenitas (ECLAMC; Collaborative Study on Birth Defects) can be defined as a continental network of persons interested in research and prevention of birth defects. It has always functioned as an independent research project, with operations beginning in Argentina, and gradually expanded to all countries of South America, as well as Costa Rica and the Dominican Republic. ECLAMC has been a founder member of the International Clearinghouse for Birth Defects Monitoring Systems; since 1994, a WHO Collaborating Center for the Prevention of Congenital Malformations, and since 2000, a collaborating member of the NIH Global Netwok for Women's and Children's Health Research. The program was designed for clinical and epidemiological investigation of risk factors in the etiology of congenital anomalies in Latin-American hospitals, using a case-control methodological approach. It is a voluntary agreement among professionals, lacking institutional base or designated budgets, and has been usually funded by research-funding agencies rather than public health ministries. In the network hospitals, around 200,000 babies are examined each year. ECLAMC systematically observes the fluctuations in the frequencies of different malformations as a system of epidemic surveillance, and, in the case of an alarm for a probable epidemic of a given malformation, it acts to identify its cause. ECLAMC is presently the most important program of birth defects monitoring in Brazil. Since 2000, with the introduction of the new model of the newborn declaration by the Ministry of Health, comprising a field for registration of birth defects, the ECLAMC network has also actively worked for its correct use and implementation (Castilla et al. 1996; Castilla and Orioli 2004; Horovitz 2003) 
INAGEMP-National Institute for Population Medical Genetics
Recently, the Instituto Nacional de Genética Médica Populacional or "National Institute for Population Medical Genetics (INAGEMP)" was created in order to generate theoretical and conceptual bases in the field of population genetics and to apply this knowledge in the research of Brazilian populations with high frequencies of genetic and/ or congenital diseases (INAGEMP 2011) . One initiative is a national census of Brazilian subpopulations with high prevalence of mono-or oligogenic diseases or characteristics or exposed to genetic risk factors (e.g., inbreeding), environmental (e.g., mercury), or unknown, on the occurrence of any physical or mental developmental disorder. Complemented by the creation of a virtual library specializing in population and isolated clusters of diseases called "genetic," INAGEMP represents the first step towards a specialized center for research and standardization of medical care for genetic conditions, offering technical and methodological support services for geneticists and affected communities (INAGEMP 2011).
SIAT-Teratogen Information System
In 1990 SIAT (Sistema Nacional de Informações sobre Agentes Teratogenicos-Teratogen Information System) was implanted in the in the Department of Medical Genetics, in Hospital de Clínicas de Porto Alegre of the Federal University of Rio Grande do Sul, having been the first of its kind to operate in Latin America. Its main objectives are to prevent the birth defects in humans resulting from environmental exposures and to deepen the knowledge of teratogenesis in humans (SIAT 2011). Such service, aimed for pregnant women and doctors from various specialties, operates through a free phone line, fax, or internet, providing information on exposures of pregnant women to chemical, physical, and organic agents. They also host a website with good basic information on more frequent exposures (http:// gravidez-segura.org/). All the service provided is free of charge. The service is also active in researching teratogenicity of environmental agents through monitoring and observation of the end of all pregnancies undergoing consultations.
Projeto Crânio-Face Brasil (Cranio-Face Brazil Project)
Projeto Crânio-Face Brasil (Cranio-Face Brazil Project started in 2002 to verify the number, distribution and type of care offered to patients with craniofacial anomalies in the country, including clinical genetics and genetic counseling. It also includes the development of continuous education programs for health care professionals in the notification of those defects, as well as phonoaudiologic assistance to patients with cleft lip or palate (Monlleo and Gil-da-Silva-Lopes 2006).
Serviço de Informação Sobre Erros Metabólicos-SIEM (Information Service for Inborn Errors of Metabolism
SIEM (www.siem.ufrgs.br) was implemented in 2001 in Hospital de Clinicas de Porto Alegre, the national reference center for inborn errors of metabolism (IEM). It aims to support physicians and health professionals in situations involving clinical suspicion of IEM. It also operates by a free phone line or internet communication and supplies guidelines on clinical diagnosis, management, and laboratory investigation recommended for each case. SIEM is complemented by another network, the Rede-EIM-Brazil (IEM-Brazil-Network: www.redeeimbrasil.ufrgs.br), also based in Porto Alegre, which has several associated reference centers around the country. It supplies specialized laboratory investigation for IEM. The Rede-MPS-Brazil (MPS-Brazil-Network: www6.ufrgs.br/redempsbrasil) is specific for the mucopolysaccharidoses, providing not only diagnostic expertise, but also conducting scientific research and meetings for the elaboration of clinical consensuses. The creation of similar networks would be an important step not only for Brazil but for Latin America (Giugliani 2010) . Besides providing information and specialized exams, that otherwise would not be available through the public health system, the networks end up being able to concentrate information and, consequently, epidemiological data on several rare diseases (Giugliani 2010 ).
The National Familial Cancer Network
The National Familial Cancer Network is supported by a research grant that encourages the formulation, implementation, and evaluation of public actions aimed for the National Policy for Clinical Genetics in SUS. It is a multicentric network formed by medical genetic centers at strategic points in all the geographical regions of the country, coordinated by the Division of Genetics at the National Cancer Institute; the network is qualified for diagnosis, genetic counseling, and laboratory support for mutation detection in different hereditary cancer syndromes. Four sub-networks are operating in the project: Genetic Counseling, Laboratory, Clinical Research/ Hereditary Tumor Bank, and Epidemiology. Specific diagnoses that are being followed are hereditary breast and ovarian cancer syndrome, hereditary non-polypoid colorectal cancer, familial adenomatous polyposis, retinoblastoma, syndrome of breast and hereditary colorectal cancer, Li-Fraumeni syndrome, von Hippel-Lindau, multiple endocrine neoplasia type 2, familial melanoma, and Fanconi anemia. The National Familial Cancer Network Operating Manual was published in 2009, with specific guidelines for diagnosis and management of all these syndromes (Brasil 2009d) .
Despite the existence of this network, a significant number of individuals at high-risk for hereditary cancer in public Brazilian cancer services may not have access to the benefits of genetic counseling in these centers. Contributing factors may include insufficient training of health care professionals, insufficient information of cancer patients, difficult access to genetic testing, and/or resistance in seeking such services. The identification and understanding of these barriers is essential to develop specific strategies to effectively achieve cancer risk reduction in Brazil and in other countries where clinical cancer genetics is not yet fully established.
Genetic testing
As shown in Part 4, among the public clinical genetic services, there are 47 laboratories where some type of genetic testing is available; most perform basic cytogenetics. Some public genetic services buy tests in private laboratories on a limited basis.
According to the Brazilian Institute of Geography and Statistics (IBGE 2009), there are 12,850 clinical laboratories in Brazil (3,140 public, 9,740 private, and 4,025 public/ private). There is no information on how many offer genetic tests. Regarding private laboratories, on an internet search among those who are members of the clinical pathology and/or laboratory association, there are around 50 laboratories who offer testing in clinical genetics. Several have branches in its home state and/or region and even in other parts of the country, concentrating the most complex tests in a single laboratory. Among those offering genetic testing, around 25 % are exclusively genetic laboratories, specialized in molecular genetics, prenatal samples, cytogenetics, or biochemical genetics; most offer cytogenetic exams and specific PCR tests for few disorders, such as Fragile X mental retardation and cystic fibrosis. Most large laboratories perform molecular testing for infectious diseases, such as hepatitis, HIV, CMV, parvovirus, toxoplasmosis, and many others. Many large general laboratories are now offering genetic tests; some are done in house, while others are actually performed in other more specialized laboratories. Tests performed vary from the basic clinical genetics (chromosomes, FISH microdeletions, newborn screening, prenatal cytogenetics, molecular investigation) to more sophisticated exams such as array-CGH, linkage studies, sequencing. Specific tests for rare disease are quite often sent abroad, mostly to the USA, although such information is not easy to obtain from the laboratories. Just like the public services, the private laboratories are concentrated in the South-Southeast regions (more than 65 %). As there is hardly any control over tests offered, some even offer tests with questionable application, such genetic predisposition testing.
Newborn screening within the private sector is performed by six laboratories, who receive samples from many other private laboratories, who offer such testing in their menus. These laboratories screen as a whole around 250,000 babies per year, with tests varying among the most basic (like the national program) to the most sophisticated, including tandem mass spectrometry (available presently in only one private laboratory in Brazil).
According to the procedures listed in DATASUS, 249,980 amino acid chromatography, 2,427 organic acid analyses, 5,788 long duration culture karyotypes, 7,932 karyotypes in bone marrow samples or chorionic villi, 11,605 blood karyotypes, and 712 molecular tests for haemoglobin diseases or cystic fibrosis (confirmation) were performed in the country during 2009 through the public health system. Most of the metabolic exams are performed as part of the newborn screening program. It must mentioned that probably more tests are performed within the public sector, but its funding is not directly related to the SUS, 8 so they do not get accounted for in the consulted database. Other exams may be performed but, as they are not coded, 9 will not be listed. Regarding the private sector, such numbers are even harder to estimate, since the specific data is not open for consultation.
The most commonly tested conditions are those included in the newborn screening program: phenylketonuria, congenital hypothyroidism, and hemoglobin disease; all tests of the national program are performed in 32 laboratories. Figures are around 3 million tests/year, with laboratories available in all states. Regarding clinical genetics specifically, the most commonly tested conditions are chromosomal abnormalities. This is the only genetic nonbiochemical exam present in the list of the SUS, allowing laboratories to bill the local governments for reimbursement. For the rest of the list, a separate survey would be necessary.
In the largest public clinical genetic services the most frequently tested conditions are probably chromosomal abnormalities, Fragile-X syndrome, and microdeletion syndromes such as Angelman, Prader-Willi, Williams, and velocardiofacial. Around 80 % of the private laboratories that investigate genetic diseases perform cytogenetic analysis; 80 % perform molecular investigation with PCR for one or more genetic diseases. FISH is available in 30 % and sequencing in around 20 %.
Concerning a regulation for genetic testing, the Ministry of Health established in 2001 the Committee on Access and Use of the Human Genome, whose work resulted in a document published in 2003 (Brazil 2001a; CAGH 2003) with recommendations about genetic tests and the ethical use of genetic information in the country, which are (1) diagnostic genetic tests, predictive or not, performed in the context of research involving humans, are volunteer, after proper guidance, and always preceded by the signing of informed consent (except tests of public health programs, as neonatal screening, and those that aim to reduce personal risk to health or health of third parties); (2) tests that are performed with a medical purpose in order to diagnose and establish appropriate schemes of therapy and prevention should not be indicated before its sensitivity, specificity and efficacy have been scientifically substantiated; (3) it is forbidden to request genetic tests as a prerequisite for job admission, except as provided in specific legislation, or granting benefits, by any public or private institution, or that the personal genetic information is used in a discriminatory manner in such institutions; (4) it is prohibited to disclose genetic test results to any person other than the individual himself or his legal representative; (5) genetic testing, both diagnostic and predictive, can only be performed by medical request; and (6) an educational effort for health professionals, and for the population is highly recommended, in order to clarify the benefits and risks of information obtained from genetic tests. Unfortunately, many produced documents are not widely used or applied.
Guidelines and recommendations related with the medical practice in genetics are scarce in Brazil. Aiming to assist in medical decision making and thus optimize the care of patients, the Brazilian Medical 
Prevention of congenital and genetic disorders
Regarding public health policies related to the prevention of birth defects and disabilities, salt is iodised, wheat and maize flours are fortified with folic acid (Brazil 2002b ), rubella immunization is available for children, adolescents, and adults, with the national immunization program including specific awareness campaigns for women in reproductive age (Brazil 2011d) . Furthermore, there are labels in alcoholic beverages and cigarettes informing about consumption risks during pregnancy. Contraceptives and family planning are available through the "Women's Health Program"; unfortunately, no genetic preconception clinics are available.
There are no upcoming policies related to prenatal diagnosis or PGD. Issues related to abortion have also been presented previously in this text: A social movement has been growing stronger and possibly in the near future the law will be revised. After a petition put forward in 2004 to the Supreme Court, it was understood that terminating a pregnancy due to anencephaly could no longer be considered a crime (Diario Oficial da União 2012). It is important to point out that other severe conditions were not included; anencephaly was chosen and put forward as a strategy to begin with a lethal condition with a rather straightforward and early diagnosis. However, the subject was put forward as a strategy to begin with a lethal condition.
Cultural and social issues pertaining to medical genetic services in Brazil Participation of the users and decision making regarding health care is not a tradition in Brazil. Physicians are still viewed as detaining all information regarding health, and for a long time, people got used to being told what to do in this area. This has obviously been changing in the last decades, especially with the spread of access to communication and internet. Informed decisions in health, however, are still a changing reality in the country, as this has to be supported by general education of the public, and Brazil is still way behind in education when compared to other countries.
On the other hand, the importance of medical genetics and its integration into public health and prevention is not understood by most physicians, health authorities, public officials, and policy makers. Nor is the specialty of medical genetics known by many, who believe genetics will always be linked to very rare disorders, research, laboratories, and high cost. Such beliefs are true not only for lay people but also for health professionals. Due to such facts, many patients/families are not referred to specialized services or only arrive in genetic services after recurrences, which could have been prevented.
National policies and legal frameworks
The Brazilian Ministry of Health published a decree in 2009, which proposes the creation of a "National Policy for Comprehensive Care in Clinical Genetics at SUS" (Política Nacional de Atenção Integral em Genética Clinica no SUS) (Brazil 2009a) . The process that led to acknowledge the need to establish such a policy began in 2001 and was partly influenced by the announcement of the sequencing of the human genome. The ethical, political, legal, and administrative matters related to the access to human genetic material became an issue in most countries, and a national committee was created, the aforementioned Committee on Access and Use of the Human Genome (Brazil 2001a) . Some of the conclusions highlighted that most Brazilian regions were hardly prepared for the clinical genetics practice, while the committee addressed issues relevant to genomic medicine. Thus, with basic problems of infrastructure and shortcomings in the area, the challenge was to establish a minimum organizational structure, from which strategic actions would be applied to ensure comprehensive care in genetics. These actions would have to provide a universal, fair and equitable access to tests and procedures, including genomic technology. 10 However, as such initiatives far transcended the initial attributions of the committee and depended on a specific action of Health Ministry, the process was postponed until a Working Group (WG) was formally established by an ordinance in 2004 to address the issue (Brazil 2004 (Brazil 2009a) , and also designated the strategies for actions that must be taken into account in its regulation. This was a long overdue landmark for medical genetics professionals in Brazil. Care networks would be established based on the actions of the Health Secretariats together with the multiple Municipal Health Secretariats. The agreement between the state and municipal managers from each region would determine the organization and would also provide the necessary conditions for the networks' operation. Such organization would have to follow specific guidelines proposed by the Ministry of Health; the ministry would also support the network organization by partially financing the system (CONASS 2007) .
The implementation of such policy would be progressive, taking into account local capacities of network organization. The major structuring axis for health care in clinical genetics would be Genetic Counseling, which must be guaranteed to any individual or family who may require it. Care guidelines should be established for investigating the most frequent conditions such as mental retardation, congenital anomalies, and inborn errors of metabolism. A thorough evaluation of the financial impact of the inclusion of specific genetic tests and of genetic counseling in health costs/financing is still needed. In addition, manuals and guidelines should be developed to guide professionals from Primary and Specialized Care. All these initiatives and other necessary measures for fully structuring, monitoring and improving the policy would be empowered to the SAS, who would pursue these actions through the constitution of a technical advisory board (CON-ASS 2007) .
The existence of a published policy for genetics is an important historical fact. By the time this text was written, however, no supplementary ordinance, which would be absolutely essential to organize and regulate this policy, had been published. At least, supported by the epidemiological transition, the need for an organized action in the area of medical genetics/birth defects in Brazil has been acknowledged. Since January 2009, the Brazilian Genetic Alliance, several patient-parent organizations and the SBGM have been trying to push the Ministry of Health for the implementation of this special policy.
Research priorities in genetics/genomics
Brazil has made significant investments to fund research in medical genetics and genomics. The main funder is the public sector, both state and federal. At the federal level, the major funders are (Simpson and Perez 1998) . These efforts resulted in the sequencing of the genome of Xylella fastidiosa in 2000 (Simpson et al. 2000) and established an expert network on advanced projects in genomics, with international impact, whose most important product in human genetics was the Human Cancer Genome Project (2011). In this bold project, about 2 million DNA sequences of normal and tumor tissue were deposited in GENBANK (Brentani et al. 2003) 
Patient organisations and public education in genetics
It is very hard to access data on how many organizations for genetic disorders exist in Brazil. Data provided by the Aliança Brasileira de Genetica (the Brazilian branch of the Genetic Alliance) counts there are 40 affiliated organizations. But this is certainly underestimated, as the Brazilian Federation of Down's Syndrome Associations alone, which congregates over 60 associations of Down's syndrome plus other organizations who fight for inclusion of handicapped people in the society, are not part of the Alliance. A rough estimate would be at least 100 different organizations, some just plain "kitchen table" and very few more professionally organized, such as the cystic fibrosis (CF) group that congregates 21 state CF associations and was responsible for the national newborn screening program in Brazil.
As stated above, the structure of such organizations vary widely, although most operate on a voluntary basis, do not have a physical structure or the resources to hire employees, being helped by its members when necessary and on demand. Most are financed by donations of their own board of directors and members; support from the society in general is quite rare, or is there official information regarding financing of these organizations. Their activities comprise educating health professionals and the society in general about specific genetic diseases, some are involved with advocating for public policies and few provide care for patients. Advocacy actions comprise inclusion in society and for education, awareness regarding rare diseases and funding for research and lobbying for the approval of policies for research and treatment for rare diseases. The majority are somehow linked to a university, research/reference diagnostic or treatment centre for genetic disorders.
Contrary to several countries, where people give their time, working as volunteers, and donate money, this is still not the rule in Brazil. A simplistic form of interpreting it would be stating that Brazil is a poor country. But this is hardly the main reason; the reason is mostly cultural. Some people not used to giving, they expect to receive, especially from the government. Sometimes, not giving also is a sign of lack of trust, trust that all the donated money will actually be used in the right way.
Groups such as the Genetic Alliance and many of the patient-parent organizations have matured over the years around the world as acts of citizenship. The same cannot be said about Brazil, where people are just beginning to understand they can and must speak up. The country is still awaking from years of dictatorship. It is also hard to have participation among poor and uneducated people, unfortunately still a reality in the country. Support groups have been growing in Brazil, but most are still very amateur.
Conclusion
Care in medical genetics does not necessarily involve high costs and high technology. Health actions do not differ conceptually from other health care actions,and involve the various aspects of diagnosis, prevention, and treatment. That way, organizing a network in Brazil would be nothing more than properly channeling the investments, and structuring the already existing services in an integrated and efficient manner, leading to a fair and more democratic access to health care.
In addition to formalizing and carrying out the organization of a network in clinical genetics in Brazil, other actions need to be implemented for the system not only to properly function but also to be gradually expanded and adapted to the country's growing needs. Government initiatives that already exist should be consolidated, and non-governmental programs may eventually be added and enrich the system. As examples of optimization and integration, informing city officials about the importance of the correct completion of the fields regarding birth defects in the newborn declarations should be encouraged. Such data will be of great relevance for monitoring incidences of birth defects, programming specific health actions and evaluating the effectiveness of actions already implemented, such as folic acid fortification in flour. The importance of patient-parent organizations should also be reinforced; besides offering support and comfort to their members, such associations have as goal the dissemination of information among lay people and also to physicians. These non-governmental associations can also play the fundamental role of introducing new topics on the political agenda.
Finally, the issue of prevention must be addressed. We could have pages of discussion on what is acceptable and what would be considered ethical; for many situations in genetics, early detection (in some cases, during pregnancy) is the only way to prevent the birth of an affected child. It is important to note that professionals, geneticists or not, are often faced with issues of great ethical and legal complexity. In such instances, education is crucial. Complex decisions should only be made based on real understanding, as well as respecting people's rights, and families should have autonomy in their decisions.
The network configuration of services in clinical genetics engaging municipal, state, and federal levels-regionalized, hierarchical, and functional, as recommended in the creation of the SUS-will be a crucial item for the care in medical genetics. Considering the magnitude of the impact that birth defects and genetic diseases already have on health, even in a country like Brazil, as well as all the perspectives generated by the advances in this field, it must be assured that genetic services and testing are truly and ethically integrated into health care in Brazil and become part of the Unified Health System.
